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Introduction
The tooth structure is determined mainly by the genome and the mammalian phylogeny is documented mainly by the fossil teeth (Fortelius 1985) . Nevertheless, enamel formation shows distinct functional correlations (Koenigswald 1992) , and teeth can be considerated as the part of complex functional and developmental contexts that are not well understood (Fortelius 1985) .
The tooth shape is highly heritable and there are many examples of morphological change related to dietary specialisation (Butler 1983) . However, there are individual variations as sequential changes, growth or tooth wear that can be used as age estimate method across mammals. Therefore, in mammals, age determination techniques based on teeth can be divided into three main groups:
(1) Sequence of tooth replacement. In this process deciduous teeth are replaced by definitive teeth, according to a specific chronological sequence. Shed of deciduous tooth and sequence of eruption of permanent tooth has often been used as a relative age criterion. In the Spanish ibex Capra pyrenaica Schinz, 1838 this method proved to be a good age indicator (Vigal and Machordom 1985) , as occurs in other ungulates (Coutourier 1961 , Caughley 1965 , Chapman and Chapman 1970 , Gray and Simpson 1985 , Norton and Fairall 1991 .
(2) Cementum incremental lines. Accumulation of cement or dentine in the tooth root varies according to the nutritional availability throughout the year producing cementum incremental lines on the root of the tooth. Significant events in the individual's life span such as parturitions, accidents or diseases can also produce cementum incremental lines. This method has been widely used as an absolute age criterion in many mammal groups (Klevezal and Kleinenberg 1969, Kay and Cant 1988, Fandos et al., in press) .
(3) Tooth wear. Two kinds of wear have been described: "attrition", which refers to wear caused by the friction of teeth against teeth, and "abrasion", refered to wear caused by the friction between teeth and food (Butler 1972 , Fortelius 1985 . Wear affects the teeth with a definite pattern. This pattern has been used as a criterion to estimate individual age (Laws 1968 , Payne 1973 , Miller 1974 , Fortelius 1985 . Tooth wear is conditioned by intrinsic factors, such as dental structure, eruption sequence, or behaviour (Teaford 1982 , Fortelius 1985 , and by extrinsic factors, such as type of food (Gordon 1982 , McNaughton 1984 .
The last papers approach the tooth wear process under different view. Tooth wear has been described as an age-dependent trait (Hall-Martin 1976 , Payne 1987 , Jachmann 1988 , Brown and Chapman 1990 , 1991 , and the study of the wear process in relation to enamel structures (Boyde and Fortelius 1986, von Koenigswald et al. 1987) and the influence of different food types or food components (cellulose, lignin, silica, phytoliths, etc.) on teeth enamel structure (Walker et al. 1978 , von Koenigswald 1992 . A few papers have dealt with the consequences of tooth wear on life history strategy (Skogland 1988) .
In this paper we attempt to: (1) describe tooth wear as an age related process, and (2) find the relationships between the kind of food and degree of tooth wear in the molar tooth row. Then, we use two skull samples of two populations of Capra pyrenaica: Gredos and Cazorla. The samples were perfectly aged and sexed and there was abundant information about feeding habits (Martinez et al. 1985 , Vigal and Machordom 1985 , 1987 , Fandos 1986 , Martinez and Martinez 1987 , Martinez 1989 ).
Material and methods
We measured the height of the first (Mi) and third (M3) lower molars and the height of corpus mandibulare ( 
Results
Basic statistics of the population variables analyzed and the significance of the differences are shown in Table 1 . In Mi, wear class "14" appears in specimens older than 80 -90 months (Fig.  2) . The relationship between wear classes and age fits a polynomial regression. In Cazorla, y = 2.8 + O.Lc -(4.3 E-4)x 2 (r = 0.8, F = 78.5, df = 2,66, p < 0.001. In Gredos, y = 3.4 + 0.1* -(2.6E-4)* 2 (r = 0.9, F = 102.3, df = 2,47, p < 0.001). The comparison of polynomial function shows significant difference between the populations (F test = 9.28, df = 2,111, p < 0.001).
In M3, wear class and age also fits a polynomial regression. In Cazorla, y = 0.3 + 0.1* -(2.5E-4)* 2 (F = 111.3, df = 2,64, p < 0.001), and in Gredos, y = -3.1 + 0. the two populations were significant (F test = 3.57, df = 2,108, p < 0.05). As tooth wear increases, differences between populations become more apparent. In the Gredos population, M3 shows the wear class "16" in specimens younger than 180 months, while in the Cazorla population this wear class occurs in specimens of two years and older.
Height of molar crown
Mi is fully erupted at 21 months of age. Height of the molar crown decreases from 9 mm at age between 21 and 30 months, to 6 mm in specimens older than 150 months. The relation between height of Mi and age is statistically significant (F = 35, df = 2,124, p = 0.001) fitting a polynomial function: y = 8.2 + 0.006* -(6.86E-5)* 2 . At age of 54 months, M3 is fully erupted but wear is not apparent until 120 months. The relation between height of M3 and age fits significantly a polynomial function: y = 3.59 + 0.069* -(2.48E-4)* 2 (F = 49.1, df = 2,120, p = 0.001) with asymptotic values (9 mm) between 54 and 140 months (Fig. 3) .
Height of mandible
The two populations vary in the height of corpus mandibulare when the definite tooth erupts and differ in the range and slope coefficient. In the Cazorla population, mandible height varies with age between 32.6 and 21.9 mm. Relation between mandible height and age follows a linear function: y = -0.049* + 31.4 (r = 0.7, F = 66.08, df = 1,57, p < 0.001). In the Gredos population, mandible height ranges from 35 to 19.6 mm and follows a linear function with age: y = -0.72x + 35.08 (r = 0.89, F = 176, df= 1,46, p < 0.001; Fig. 4 ). The differences between the two population were significant (F test = 13.30, df = 2,104, p < 0.001).
Discussion
The mouth and the teeth are a functional complex for a crucial activity such as feeding activity that is directly affected by the environment. Therefore, these characters must be plastic enough to meet the requirements of habitat adaptation and feeding behaviour. The main function of the molar teeth in herbivorous is food fragmentation, to make the nutrients available and facilitate the bacterial activity on the cellulose (Manglio 1972) .
The occurrence of cusps on the molar surface can be explained by differential wear of its surface, depending on tooth design and composition (relation dentine /enamel; Rensberger 1973, Rensberger and Koenigswald 1980) . Cusps increase the crushing capability of the molar teeth ( Van Valen 1960) but they wear off with age and disappear and processing capacity decline as the tooth wear out (Lanyon and Sanson 1986) . In the Spanish ibex cusps are worn out after 16 years of age. Thus, older individuals have less ability of fragmentation of the food consumed.
Differences in molar wear
We found differences between the wear of Mi and of M3. These differences concern the speed of tooth wear which varies according to molar position, sequence of molar eruption (Mi erupted at 21 months and M3 at 54; Vigal and Machordom 1985) , and size of the occlusion surface. Size of the occlusion surface influences the proportion of dentine/enamel per surface unit ( Van Valen 1960) because cellular position of ameloblasts is a specific character (Lester and Koenigswald 1989) . Wear patterns show differences between young and old individuals. Still, tooth wear patterns are reliable age criteria. Nevertheless, for an appropriate use of tooth wear as an age criterion, it is necessary to consider the teeth as a functional complex where wear is affected by the geometry of the jawbone (Fortelius 1985) . It is also necessary to examine the whole tooth row Chapman 1990, 1991) . Although the teeth of the two populations follow the same wear pattern, wear rate (measured as the difference between initial (unworn) height in mm of M3 and minimal height (completely worn) of M3 divided by age maxima in months) is higher in the Gredos (0.02 mm/month) than in the Cazorla population (0.0175 mm/month). These differences we relate to the different type of food consumed in each population. In the Gredos population, gramineaceous plants represent more than 75% of the ingested biomass throughout the year whereas in the Cazorla one, this kind of food represents only less than 25% (Martinez et al. 1985 , Martinez and Martinez 1987 , Martinez 1989 Table 2 ). This causes higher abrasion in the teeth due to the siliceous compounds and the different torsion and malleability of this group of plants. The same effect was described for the chamois (Kurten 1953) , and between Mule deer and elk (Spalinger and Robbins 1986) .
Age criteria consequences
We conclude that the sequential tooth wear patterns are specific characteristics (Butler 1983, Spinage and Brown 1988 ) but tooth wear is not constant because there is an abrasion process that is dependent of food composition (Morris 1972) . Thus, the same wear class can occur at different ages in each population. This finding implies than these must be used the specific age criteria for each population in the species with broad feeding spectra (more than 300 items in the Cazorla population of Spanish ibex; Martinez et al. 1985) and that it is better to use the sequence of tooth replacement or cementum incremental lines as an aging technique instead of wear sequences that is dependent on food composition.
Wear adaptation
Hypsodontia appears as an evolutionary event involved in the adaptation to the higher tooth wear of herbivores ( Van Valen 1960) . In the Spanish ibex, the process of molar crown wear might be associated with changes in mandible height. This process might be explained by absortion of jaw material by the teeth through the root or, more likely, by retrogression of the edge of the alveolae. The result of this process would be similar to hypselodontia (Fortelius 1985) , compensating the molar crown wear at a lower energetic cost.
Thus, wear patterns (Payne 1987) do not show a linear relation with molar crown height (measured from the edge of the alveolus). There are linear relationships between height of molar crown and mandible height as a cumulative result of two different processes, one mechanical and one physiological and rate of wear (height of the mandible plus the molar crown) would be of 0.065 mm/month in the Cazorla population and of 0.122 mm per month in the Gredos population.
The differences in rate of tooth wear depicted here for the Spanish ibex imply important consequences for the life history of the population. These may include the age of senility of the individual. This relationship was suggested by Flower (1931) who related tooth wear, to longevity and tooth loss, and by Laws (1968) who found that "mechanical senility" was an important mortality factor in very old Hippopotamus amphibius. In this paper we do not focus on this relationship. However, it must be taken into consideration that two populations of the same species can show important differences in the rate of molar wear. 
